ABSTRACT. This study aims to reveal the adhered phytoplankton cells; with special reference to diatoms in the coastal waters of Jeddah. This would require the classification of fouling constituents of diatoms on artificially exposed surfaces and to investigate their spatial and temporal variations. Hollow boxes like frames with steel, galvanized steel and fiber glass panels are immersed at two sites to study the process of biofouling. The periphyton cells were scrapped off the panel surface to determine phytoplankton speciations and counts. The comprehensive data will enable the investigators to establish the process and nature of periphyton. The study of the nature and process of biofouling in coastal waters of Jeddah is of substantial importance because of the adverse effects of biofouling on coastal structures, oil platforms, desalination plants and other marine constructions.
Introduction
The Red sea, a landlocked semi-enclosed water body located in an arid zone with a surface area of about 5 × 10 5 km 2 and mean depth of about 600 m. In recent years the environmental conditions in the coastal area have changed due to the increasing development activities and utilization of the Red sea coast. Billions of Rials have been spent on coastal economical constructions as a result of the rapid economic development and industrialization of Saudi Arabia. Of these and around Jeddah areas only are Petromin, Islamic Sea Port and Desalination Plant ... etc. As a result the environment of the Red sea, especially the coastal areas, is seriously threatened due to oil pollution and increase in sewage and industrial effluent discharges into the coastal areas (Anon, 1976) . Another annoy-The initial fouling sequence tends to follow a set pattern. Dissolved organic material, which is initially adsorbed on surfaces (Baier, 1980; Cooksey and Cooksey, 1995) may be an important factor in providing nutrients, encouraging the initial settlement of bacteria, diatoms and other microorganisms Venugopalan et al. (1994) . Bacteria can be detected on a surface after only a few hour of immersion and these will quickly form dense colonies with copious mucilage (Dempsey, 1981) . Diatoms are the first algae to settle on the substratum and are numerically second in importance to bacteria. These are closely followed by blue green algae, protozoa and the spores of large algae. Bacteria and diatoms constitute two major groups of microorganisms that colonize on solid surfaces immersed in coastal waters (Cooksey and Cooksey, 1995) .
The problems associated with marine fouling and corrosion are common to many types of underwater structures. Among the effects of marine fouling, the modification of corrosion of behavior of affected steel is considered to be one of the most important and least understood (Picken and Grier, 1984) . The micro-fouling assemblages modify the pH of the sea-water surrounding them as a result of photosynthesis during the day and respiration at night (Terry & Edyvean, 1981; Edyvean & Terry, 1982) . These variations in pH values and particularly lower values may be aggressive as the bicarbonate then present will react with ferrous ions to form soluble compounds [Fe(CO 3 ) 2 ] -2 which can greatly accentuate the corrosion of the metal causing pitting (Lewis and Mercer, 1984) . The local chemistry will be complex and will vary with secretions, decay products and associated bacterial action. This will result in production of sulphide compounds causing localized corrosion (Terry and Edyvean, 1981) . Background information is not available on the succession and species composition of marine fouling in the Red sea area. The present investigation was necessary to deal with species composition of the adhered phytoplankton of marine fouling in this region.
Material and Methods
Two stations at the Obhur creek were chosen to locate the different types of artificial immersed panels (Figure 1 ).
FIG. 1. Position of stations.
Total number of 78 panels (Steel, galvanized steel and fiber glass 20 × 20 cm) were fixed at each station. Collection of samples was carried out during the study period at 8:00 AM (Table 1) . Periphytons of the immersed plates were collected by scrapping the plates, after being brought into the laboratory, with a scalpel into plastic bottles. 4 ml of 5% formaldehyde were added to prevent decomposition (Boney, 1975) . Microscopic observation was done to determine quantitative and qualitative phytoplankton density. Cells were identified and counted in counting chamber (Sedgewick Rafter) under a light microscope at magnifications 10 × 20 and 10 × 40 (Bailey-Watts and Lund, 1972) . The results were expressed as number of cells. d -2 of the test plate area.
Salinity and temperature were measured in situ. Salinity was determined by using a HEDGA refractometer. Temperature was determined using a mercury thermometer ranging from 0ºC to 50ºC in 0.1ºC divisions.
Results

Environmental Conditions
Salinity ranged between 38 and 41.2 psu during the study period (Fig. 2) . The highest value of 41.2 psu occurred at station (1) during October 1997. Station (2) experienced high value of 41 psu during October 1997 and September 1998.
Comparatively moderate values occurred at the two stations from FebruaryMay 1998. Lower value of 38 psu appeared during June-July 1998. The general trend of salinity (Fig. 2) showed almost similar trend between the two stations during the study period. Station 1 and 2 showed also a similar trend in temperature distribution during the study period (Fig. 3) . Temperature was high during October 1997, 31ºC and decreased gradually to reach its minimal from January-March 1998. Then the temperature started to increase from April 1998 and reached high values during July until September 1998. Comparatively lower values were recorded at both stations, 23.0ºC during January and February 1998. The general pattern of temperature shows that summer time extended from April until September 1998 and ranged between 29.0-31.0ºC. 
Periphyton Flora
In general the assemblages of the adhered phytoplankton species appeared clearly only on one of the three immersed materials, fiberglass. Steel and galvanized steel plates did not show dependable results because of the rusting processes and hence loosing the surface layers, which contained the adhering process. Data found for steel and galvanized steel would not be discussed in this project. All periphyton phytoplankton samples collected from immersed material used were identified and counted and the results are presented in Tables (2-9 ).
Density of Periphyton Flora
Total average of phytoplankton cells adhered on fiberglass plates at station (1) were shown in Table ( 10) and Figure (4). It was noticeable that the minimal total average of cells appeared during autumn (874 cell. d -2 ) and the maximal appeared during summer (53273 cell. d -2 ). The increment in the total cells from autumn to winter appeared to be 25.3 time where from winter to spring was 1.6 time and from summer to spring was 1.5 time. Average of total cells of phytoplankton adhered on fiberglass plates at station (2) were shown in Table ( 10). The minimal total cells appeared during summer (30 cell. d -2 ) and the maximal appeared during spring (37161 cell. d -2 ). The increment in the average of total cells from autumn to winter appeared to be 28.7 time whereas from winter to spring 1.33 time followed by sharp decrease during summer. The comparison between total averages of cells adhered on fiber glass at station (1) and (2) showed interesting results. At both stations adhering started during the first 48 hours. The average of total number was higher at station (1) than station (2) (≈ 2.8 17 × 10 3 cell. d -2 ). The adhered phytoplankton species composition appeared in Tables (2-9 ). It was noticeable that adhered species of phytoplankton were highly expressed on the plates immersed at station (1). The seasonal distribution showed that autumn 1997 contained the highest speciation at station (1) with 24 species followed by winter 1997-1998, 20 species and finally spring and summer 1998 contained the lowest number of species of 14 species each. Autumn 1997 speciation at station (2) contained 15 species and decreased during winter to 10 species then the speciation increased to the highest value during spring 1998 with 14 species and finally decreased again in the summer 1998 into 1 species only. The observations showed another reason that must be considered at station (2) is the increase of turbulence at this location than station (1). No assemblages of phytoplankton were shown on galvanized steel or steel plates during the study period. Generally, thirty seven phytoplankton genera were recorded with 40 species being present on fiberglass plates during the study period. This included 30 species of (Diatoms) Bacillariophyceae followed by 5 species of (Dinoflagellates) Dinophyceae and 2 species of (Blue green algae) Cyanophyceae (Cyanobacteria).
Speciation had given a reverse picture than counting at station (1). The identified species during autumn 1997, winter, spring and summer 1998 were 24, 20, 14 and 14 respectively. Streptotheca sp. was the most dominant species during autumn 1997, whereas Nitzschia closterium appeared to be the most dominant during the rest of the study period (Tables 2-5) . Identification showed 15, 10, 13 and 1 species during autumn 1997, winter, spring and summer 1998 respectively at station (2). Detunula sp. was the most dominant species during autumn followed by Nitzschia closterium during winter and spring and Nitzschia sp. during summer (Tables 6-9) . 
Discussion
Salinity increases in the Red Sea due to higher rate of evaporation. The Red Sea is considered as a semi-enclosed system in which evaporation is one of the most important factors affecting salinity. The results of a study show that the annual evaporation in coastal waters in front of Jeddah reached its minimal in October and maximum in May (Meshal et al., 1984) . The general trend of salinity during this study is in contrast to the evaporation trend found in the Red Sea, where maximum salinity reached 41.2 at station (1) during September 1998 and October 1997 and 41 at station 2 at the same time.
Water temperature increased during summer months from July to September 1998 and reached its maximum of 31.0ºC. This is supported by the findings of Behairy et al., (1981) in which they reported the increase from March to August. However the highest temperature they found was 34.8ºC. The annual amplitude was 8ºC which is greater than the corresponding value for the Red Sea proper (6.9ºC) at the same latitude (Morcos, 1970) . Behairy et al., (1981) supported the same level of amplitude. This difference reflects the continental influence on surface temperature of coastal water which undergoes larger daily and seasonal fluctuations than those of the open sea at the same latitude (Behairy et al., 1981 and Meshal et al., 1984) .
The most abundant group of phytoplankton adhered to the immersed plates in this study were diatoms (Dowaidar et al. 1978) , although diatoms community is usually lower than dinoflagellates community in the Red Sea (Halim1969; AlHarbi et al. 1998) . Planktonic diatoms such as Coscinodiscus sp. and Nitzschia closterium were observed permanently throughout the year with Nitzschia closterium being dominant most of the year. Benthic diatom Navicula sp. was also present during all seasons of the study period except summer 1998 at station (2) while Pleurosigma sp. and Skeletonema sp. during most of the year. The blue green algae Trichodesmium sp. is one of the most common species in the Red Sea. This species was found adhered to the surface of the plates during all seasons of this study.
Mucilage may be produced by these species to settle on the immersed plates (Dempsey, 1981) . On the other hand, Venugopalan et al. (1994) showed that bacteria as pioneer colonizer elicit variable responses from subsequent settlers such as diatoms. These species may be settled on the plate surface to feed on dissolved organic material, which is initially adsorbed into the surface (Baier, 1980; Cooksey and Cooksey, 1995) .
Nevertheless, this periphyton or microfouling still needs extensive studies so as to reveal the different aspects controlling the succession and growth rates of periphyton and their relation to prevailing environmental conditions including biotic and abiotic factors in the Red Sea.
